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ABSmOT 

TMa  report  presents  the  basic  foiTaulas  of  lethal-area 
calculation.  The  writer  has  primarily  referred  to  various 
reports  published  by  the  Ballistic  Research  Laboratories  of 
Aberdeen  Proving  Ground  and  the  reader  shotiLd  refer  to  the 
rsfsreness  listed  for  further  information  on  the  various 
subjects  diaeuaaad. 
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Table  of  Symbolfl 

= Expested  nuaber  of  hits  m tha  target . 

- Density  ef  fragments  normal  to  fragaeat  path- 

Am  - Presented  area  of  ta-rgat  normal  to  the  fraaient  patho 
/*■*  - Fragments  per.  xmi't  area  of  the  aiisslle  surface ^ 

^ - Height  of  burst. 

0 s Angle  of  fragment  path  from  -ne  r-ertioal  axis  from  the 
grovmd . 

A - Radius  of  a spherical  missile* 

/®wa  - Fragnent  distribution  per  unit  area  on  a target  normal 

to  the  fragment  path  R tmita  from  the  center  of  burst. 

r s Distance  the  fragment  mxist  travel  from  the  center  of 
burst  to  the  intended  target. 

R “ Dietanae  the  fragment  travels  frcsa  the  center  of  burst 
to  the  experimental  target. 

E • Ccntribution  to  the  kinetic  energy  of  an  exploding  body 
by  a unit  of  explosive  mass. 

- Spherical  coordinates. 

*N  - Mass  por  wnit  volume  of  explosive. 

- Initial  fragment  velocity. 

^ ” Velocity  of  the  gases. 

C = Total  weight  of  explosive. 

M " Total  weight  of  fragments 
l?E  = Ovirney  constant, 
fd  - Drag  force. 

” Mass  of  a fragment - 
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V = Yolocity. 

A ■ PrsBented  area  of  a frapient. 
a Daasity  of  air. 

“ Drag  coefficient. 

!K  Conditional  protatility  that  if  a single  fragment  hits 
the  target  it  will  disable  the  target- 

= Eicpeeted  number  of  disabling  hits  on  the  target. 

^ * The  probability  that  the  target  will  be  disabled. 

■ The  matibsr  of  targets  disabled. 

<T  ® Number  of  targets  per  unit  ares,, 

/\i.  ® .bethal  area. 

(f?  , P)  “ Polar  ooordinates . 
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INTRODUCTIONS 


The  major  fsmotion  of  any  •sra.rhead  is  the  elimination 
of  its  intended  target.  The  probability  of  acocsnplishing 
this  mission  depends  on  the  eharac ter iti tics  of  the  weapon 
system^  the  lethal  potential  of  the  \vs.rhead;  and  the  reais- 
tano®  of  the  target.  A projectile  which  has  pinpoint 
accuraoy  is  obviously  useless  if  the  lethality  of  the 
projsotile  is  not  enough  to  damage  the  target.  Of  course 
the  omverse  is  also  truei  that  the  lethal  potential  of  a 
projectile  is  wasted  if  it  does  not  reach  the  target.  It 
is  therefore  concluded  that  a balance  must  be  drawn  to 
produce  the  optimum  design  of  a weapon  system, 

2.  One  vital  phase  of  weapon  design  which  must  be 
considered  by  the  Ordnance  designer  is  the  determination 
of  the  lethality  of  the  warhead  arid  its  utiligation  with 
other  factors  in  the  selection  of  optlmm  design  parameters. 
The  object  of  this  report  is  to  p. esent  the  basic  formulas 
neoessary  for  the  calculation  of  a warhead's  lethality. 

3»  A oonvenisat  fa<>tcrr  whioh  is  reproBontatiTe  of  a 
warhead's  lethal  potential  is  lethal  area.  Although  lethal 
area  has  the  units  of  area*  it'"doBs"  no'^"  Slave  the  physical 
significance  of  area.  It  perhaps  could  have  been  more 
fittingly  called  "casualty  index",  since  lot}jal  area  multi- 
plied by  the  number  of  targets  per  unit  area  results  in  the 
number  of  targets  disabled*  It  is  expressed  mathematioally 
as 4A  where  the  limits  of  Integration  are  determined 
by  terrain  limitations. 

4.  The  principal  use  of  lethal  area  is  in  comparing  one 
weapon  system  with  another.  This  oemparison  may  bo  made  in 
terms  of  lethal  area  per  round,  lethal  area  per  pound,  the 
lethal  area  a system  can  produce  in  a given  amount  of  time, 
oto.  The  oemparison  used  will  he  determined  by  the  taotioal 
situation  most  ocmmonly  eaootmtered  with  the  weapon  being 
considered. 

U.  To  calculate  lethal  area,  certain  information  mxist 
be  kaersm.  The  frapient  distribution  and  the  area  of  the 
target  must  be  known  so  that  the  expected  ntsmber  of  hits  on 
thv  target  can  be  determined.  In  addition,  the  impact 
velocity  of  the  frapient  must  be  known.  This  requires  a 
knowledge  of  the  initial  fragment  velocity  and  of  the 
velocity  decay  over  the  distance  traveled  by  the  fragment. 
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10.  la  the  praseabation  of  the  aboTO  laformation  two 
asaiaaptions  -ware  jnsde  that  are  not  always  valid s 

(a)  fho  Telocity  of  the  warhead  is  small  in 
comparison  with  the  fragment  velooityc 

(b)  Tha  target  Is  eisnpletely  exposed  te  ths 
fragmsnt  spray. 

11.  The  assumptions  were  purposely  s©d©  so  that  the 
general  approach  of  the  report  would  not  become  mathemati- 
eally  ovBr-ocsnplioated.  it  is  possible,  hcwover,  to  include 
the  above  influence  in  & neat  and  orderly  fashioti<? (Ref  1). 

FRAGMENT  VELOCliy 

12.  One  of  the  moat  important  parameters  affaetiag 
lethal  area  is  the  striking  velocity  of  the  fragments  upon 
oontaoting  the  target.  To  determin©  the  striking  yeloeity, 
it  is  necessary  to  know  the  Initial  fragment  velocity  and 
the  velooity  decay  along  its  trajectory. 

13s  The  initial  fragment  velooity  for  a oonvonticnal 
shell  is  closely  gradiotad  by  the  Susmey  formula  (Ref  2), 

In  his  thesis  Guriioy  asstmied  that  the  contribution  to  the 
kinetic  energy  of  the  exploslv©  gases  and  metal  fragments 
made  by  the  detonation  of  each  unit  mass  of  explogiv®  is  the 
some  in  all  types  of  projeetlles. 

14.  Consider, the  application  of  this  statement  to  a 


Contribution  to  the  kinetic  energy 
by  a unit  of  explosive  mass. 

Spherioal  coordinates  shovm  in 
Diagram  1. 

ifaas  per  unit  volume  of  explosive. 
Initial  fragment  velocity. 

Velooity  of  the  gates. 
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spherical  shell  where 
Diagram  1 
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Solving  for  V. 


■ST  « l-i  F I 

- Q " i- 


A 


k I 4 C 


Eqta&tion  (llj  givss  the  initial  fragment  velocity  for  a 
spherical  shell.  If  the  sane  prooedure  is  folloired  in  consider* 
ing  a oylindrioal  shell  there  results 


■W 


'Figure  4 is  a graph  of  these  functions. 

IS.  The  value  j 2s'  is  determined  experimentally  and  varies 
with  the  explOBive-  Values*  effiaaculy  used  are* 

Explosive  >T  2B 


T3T 

Comp  C3 
Comp  B 


8800  f/s 
8000  f/s 


16.  As  stated  previously  the  Qurney  formula  is  applicable  in 
the  velocity  analysis  of  a hcaogeneoos  shell.  Recent  experiments 
oonduoted  to  determine  fragment  velocity  of  shell  with  oc^utrolled 
fragment  masses  have  resulted  in  velooitles  as  low  as  7C$£  of  the 
value  predicted  by  the  Surney  fonsuia.  It  ts  ctarently  believed 
that  the  rediiesd  velecity  is  the  result  of  gas  blow»»by  between  the 
fragments.  This  gas  hlow*>by  ooours  sooner  with  a controlled 
fragment  sh$ll  than  with  a conventional  shelly  since  the  oonveis» 
tional  shell  will  stretehg  due  to  its  duotility.  and  obtuliiite  tb® 
gases  longer  than  the  controlled  fragment  shell  which  possess  little, 
if  any,  shell  strength.  In  utilising  the  Gurney  formula  for  shsil 
with  o^trolled  frapieats,  the  designer  should,  not  be  too 
optiaietio  in  expecting  theoretiosl  oaloulnted  velooltyo 

■**  Rcsently  publifihsd  values  whioh  differ  fr(3a  the  abova 
listed  values  are  presented  in  NAVOEB  Report  titled 

Explosive  Comparleoia  for  Fragmantation  Effeotivsness 
il  August  1^63.  This  report  also  glves'^values  for  the 
Qurney  oonstant  for  many  other  types  of  explosives. 
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17,  In  addition  to  the  initial  fragment  velocity,  it  is 
n80©sss4?y  to  knew  the  fragment  velocity  decay  as  a function 
of  the  mass,  shape,  and  path  of  the  frapient. 

18.  A aathsaaW cal  expression  for  velocity  decay  is  (j^ite 
easily  obtained  by  considering  Newton's  Law  of  Action 

» 

fn^  m (IS) 

OlT 


where 

• Drag  Force 
B Naas  of  the  fragment 
y*  s Velocity 

F4  is  commonly  expressed  as  ' 


where 

^ • Presented  of  th«  fragment. 

(S'  9 Density  of  air* 

* I^rag  ooeffiolent* 

Substituting  eq  (14)  in  eq  (13)  there  results 


m 


where 


Co  ^ 


consider  further  that 


dV  » dv  ^ 

;at  3T  - 


10 


(15) 


(16) 
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Equation  (15)  beoomea 
dV  

V 

Integrating 

Sw y , 

Where  C,/  is  the  constant  of  integration 
'■  g/^r 

or  VrCd  " 


it^£  f C 

m 


(17) 


(13) 


(19) 


Prom  the  initial  condition  t = 0«  V 


(20) 


Hence 


C 8 V, 


v-v„<r 


-# 


(21) 


Equation  21  oan  also  be  expressed  with  a .base  10  as 

, V 

V.Y,  10^ 

It  has  been  exper i’nentally  found  that  a good  representative 
value  of  0’  for  euporsoaio  velocities  aroimd  Ifach  5 is 
,0091  (Ref  3), 


Therefore 

where 

and 


. . ,,  -.0091  Ar  (22) 

Y s M,  10 

A 

5^ia  In  cgs  units 


V_  is  in  f/s  and  r is  in  ft 


Table  1 giv'ss  values  of  f or  various  Bhapefii  fragments. 

Pig).ire  6 is  a plot  of  tho  velocity  decay  (Vr/7o)  for  various 
sized  spheres* 
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19.  The  user  of  Figure  5 should  keep  in  mind  that  a 
o^stant  drag  coefficient  was  assumed  in  the  plotting  of  the 
curves*  Provided  fragrant  Telocity  remaias  above  Ifeoh  1.6j 
the  assumption  of  a constant  drag  ooeffioient  will  probably 
satisfy  most  engineering  applioations. 

TMSST  mmim  criterion 

20.  Ths  resulting  equations  of  tlio  subjects  discussed  to 
this  point  are  perfectly  general  and  applicable  to  any  type 
of  target.  The  tj^e  of  target  is  introduced  when  the  Tulner- 
ability  of  the  target  to  impacting  fra^ients  is  considered. 

As  an  example  of  the  mathematioal  treatment  that  is  applied 
to  target  vulnerability,  the  case  of  personnel  targets  will 
be  considered. 


21,  Before  recent  experimentation^,  a htanan  target  v?ac 
considered  iaeapaoitatad  if  it  was  struck  with  at  least  one 
fragment  having  a kinetic  energy  of  58  foot-pounds  or  greater. 
This  has  been  superceded  by  a more  refined  and  logical  theory 
(Ref  4 and  6) * The  present  damage  criterion  is  expressed  as 
the  conditional  probability  (Phk)  that  a single  fragment  will 

disable  the  target  and  it  is  a function  of  2^  , where  rn  is 

A 

the  mass  of  the  fragment,  Vy  is  the  striking  velocity  of  ths 
fragment,  and  ^ is  the  cross-sectional  area  of  the  fragment. 
Furthermore,  time  is  introduced  into  the  criterion  by  plotting 
the  probability  of  disabling  the  target  within  5 seconds, 
within  30  ssoonds,  within  5 minutes,  and  within  an  unlimited 
amount  of  time  (Type  B disablement) . 


22c  The  current  antipersonnel  disablement  ourv-es  are 
shown  in  Figure  6.  It  can  bo  readily  observed  that  nothing 
in  terms  of  lethal  potential  is  gained  by  allowing 
become  greater  than  2.5,  Furthermore,  no  damage  v/ill  result 
if  (/*  1®  than  1.0.  * 

/H 


23.  Figure  7 graphically  shows  the  difference*  between 
the  criterion  and  the  kinetic-energy  criterion  for 

disabling.  For  instance  a l/l6-diameter  fragment  is  on  the 
threshold  of  disabling  if  it  has  a fragment .velocity  of 
4000  f/s  or  a kinetic  energy  of  9 ft- lbs.  The  sams  fragment 
has  nearly  reached  its  lethality  saturation  value  if  it  has 
a velocity  of  8000  f/s  which  corresponds  to  a kinetic  energy 
of  35  .ft-lbs. 


* ThePi^tQ  curves  presented  in  this  report  are  by  no  means  fixed 
and  are  subject  to  change.  One)  should  therefore  determine,  prior 
to  an  analysiSj  the  status  of  the  disablement  criterion  he  Intends 
to  uso. 
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24.  is,  as  stated,  ■Wie  singla-hit  probability  of 
disabling  the  target*  TChat  is  needed,  however,  is  the  over- 
all probabilit;,'  (denoted  as  /^)  of  disabling  the  target* 

This  will,  in  effsot,  oonsider  the  fact  that  the  target  Twili 
reoeive  a randcan  number  of  hits.  If  then  is  the  prob- 
ability that  a single  hit  will  disable  tb?  target  and  is 
the  expaoted  ntsaber  of  hits,  the  expected  number  of  disabling 
hits,^|f>,  is  simple 

(23) 


The  probability,  :Ph  , that  the  target  will  be  disabled  is 
closely  approximated  by  the  Poisson  probability  function  as 


(24) 


Figure  8 is  ft  plot  of  this  fimction* 

25*  The  nianber  of  targets  disabled,  /V*  , in  detonating 
a single  missile  is  them 


(25) 


7/here  is  the  number  of  targets  per  unit  area. 

If  is  oansidered  ocnstant,  equation  (26)  ean  ba  ■Bfrittea 


By  definition,  the  integral  term  is  the  lethal  area.  A, 
Hence 

a>o  CO 

n t" 


‘J.J 

16 


»/>  d y 


(27) 
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If  the  fragment  digtributioa  hae  circular  SOTaiatry»  the  lethal 
area  can  he  expressed  in  polar  coordinatee 

.4.  - 2^^  jPt^  n 

J (28) 

0 

2€«  !Da  a practical  prohlam,  the  liaits  of  iatsera- 
tiea  will  not  extend  to  inf inil^y  hut  will  be  governed  by 
the  laipogcd  terrain  limitation.  Furthermore,  fails  off 
to  sero  at  a finite  value  of  !|  » 

27s  It  should  he  pointed  out  that  the  lethal  area  divided 
by  the  physical  area  covered  by  fragments  results  in  the 
average  probability  of  kill  over  the  area  covered  by  fragments » 

2ds  fhe  basic  informati(m  for  the  calculation  of  Isthal 
area  has  been  presented  in  the  foregoing  seotious » 

3w«  0*10  v£i*i  u^iX^so  ^1^0  XmOw  i*o 

such  optimum  design  parameters  as  fragment  slse,  bomb  sise, 
height  of  burst,  etc*  When  all  except  one  parameters  are  hold 
oonstant,  the  variation  in  -lethal  area  can  be  determined  as  a 
function  of  the  varied  parameter  and  an  optimum  value  for  this 
parameter  can  be  established. 
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The  follcswiag  problem  ia  offered  to  illustrate  the  use  of 
the  computing  form  (Table  2) * 


Given  t 

A three-inoh-diameter  missile  with  l/i-ineh-diemeter 
steel  fragments » 

C s 220.0  grams 
“ 435.0  grams 
44w  * aSOO  (ogi  units) 

Explosive  ••  TNT 

To  Findj 

The  leths.l  area  of  the  missile  consider  lag  a 15«ft 
terrain  lissitat-ion.  Type  B disablement,  and  ground-bui’st 
functioning. 

The  number  of  fragments  per  square  inch  of  missile  surface 
can  be  approximated  by  the  formula  where  d is  the  diameter 

of  -hhe  fragment  in  InehsSi  p ean  vhen  b6  oaloulated  from 
equation,  (s)  by  letting  ^ ff-  i 

The  rest  of  the  form  is  filled  out  ns  indicated  by  the 
column  heads. 

The  symbol  ^ is  used  by  the  author  as  a notation  indlca~ 
ting  integration l)y  the  trapezoidal  rule. 


Diagrammatioally* 
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TABLE  1 


FOR  VARIOUS  SHAPES  OF  FEACSiENTS 


(cgs  sjrstem  of  units) 


Spheres 


A 

^ s .305"  m . 

fh 


Bandom  St  gel  Fmiimentg 


^ ,^S  m 


Rectangular  Steel  Fragments. 


A,  jzs 

m 


steel  Cubes 


- ,38  fv> 
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f&BlA  2 

LiXEAL  ASEk  GklSWATlQa  XABLI 


pfC  jr  ^ @ 


0 1»00  4870  5.05  .720 

— ■— ■S' 

1 X.OO  4970  5«05 


81.5  1.00  6»28  6.28  3.140 


2 1.00  jjt970  5«0b  20^3  1*00  12.56  26.1  12.55 


3 .990  4930  5.00 

4 .980  4870  4.95 

5 .976  4850  4.93 

6 .970  4830  4, SO 


.960  4770  4.85 


9.06  1.00  L8.80  56.4  28.2 

6.07  1.00  26.1  100.3  50.15 

3.26  .960  30.2  166.6  77.8 


a 

,906 

4750 

4.83 

O 1 

! 

OCA 
m V w 

4 »7»ar>  1 
1 %J\/  j 

10 

.945 

4700 

4.77 

n 

.935 

4660 

4.73 

12 

.930 

4630 

4.70 

1,66  1 .800  36,2  E88.0 


1,27  .710  35,7  P68.9 


jL.uu  I .DJ.0  04,0  i4By.4  ei4,r 


.814  .630  33.3  ^97.6  {348.8 


.482 

.350 

.414 

.310 

30.2  1623.8  |$U 


41,3 


A ■ 369.26 
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